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An experiwnt has been performed to wesure the absoic+,e q a n t i t y  and 

extent of the fission product debris Fn the s o u f i i r n  con jagate  t2mc from 

the July 3, 1962 high altitude nuclear t e s t .  The auroral cffects ikon the 

Teak, oraalge, and Argus testeLy2 at the c o n l w t e  paints indicated that B L ~  

intense flux of beta particles war3 , a d &  to the conjugate areas. 

the fission debris deposition at d conjie;ate point, a far m o r e  complex phenomena, 

has never been exWrimenW1l.y observed. 

iioirever, 

Since the fission product debris was expected to  einit 8 suf f i c i ent  ?lux 

of y-mys to be detectable a& aircrafi a l t i tudes  for several holrrs a2ter t h e  

detonation, a c q g i n g  of the fissioi product dcoris in t h e  southern henispixre 

was expected t o  yield new W o r n t i a n  concerning t i i e  deFJrb distribution in 

space at that time when tke debris becane trapped by &e enrtL's mmetic 

field. 

An a i r b m  7-ray epectroneter (which had been cca?,si;ricted by Dr. Stirling 

Colgate af the University of C a l i f m i a  Lawrence Radiation I&boratcqj, Livermare, 

California, and Dr. Raymond D ' k y  of -r;he Enrico F e d  I n s t i t u t e  for Nuclear 

Studies, the University of Chicago Sor the purpose of studying secmd~ry y-rays 

from auroral and solar protons in the polar regions) was *wed for t h i s  experiment. 

TtzLs instrument consists essentially of' a horizantal 3" x 3" Na I cy l ind r i ca l  

y-my detector, surrounded everywhere except at one end by c. 3/0" thick p l a s t i c  

anticoincidence r;clntillator cup, for reducing charged particle countlng back- 

ground. 

30 or XI0 channels by a transistorized laboratory &el R D L  pulse beigbt 

analyzer. 

prints end punches aut the spectrum and tit&? on pper tape, clears itself a.nd 

aut-tically repeats the cycle. 

The phatotube pulses f r a m  the IJaI detector are sorted by energy i n to  

In operation this equipment stores pulses for e preset interval, 
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This equipwnt was inS+alled erbaard a KC-133 a i r c r a f t  operated by 

Cambridge A i r  Force Research Center for upper a t m p h e r e  radio p r o p g a t i o n  

and miiiatian studies (Project 6.10) under U e  sc ia i t i f ic  direction of . 

Dr. George Gassmann. A two c h r a ~ e l  7-ray recorder esscclbled by the American 

Science and Engineering Oarporntion was also opemted amrd this aircraft. 

The fl-t pr t t e rn  flown during the event +s shown iu Fig. 1. The KC-133 

dumped sufficient Aail immediately before blast tiroe t o  attain an a l t i tude  of 

4 3 , O  feet. The rest of the mission was flam a t  this a l t i tude .  Tire east- 

vest pattern fl& for an hour twenty nLiutes vas intended t o  check on 

esst-ueat debris motions ei-Aer from upper atmvspheric uiids or continued 

deporrition of trapped fission products. Ti 1wt.r energy lid.% of radiat ion 

accepted by the spectranetor w a  zdjusted sevelrsl tines to the lowest valce 

consisteat w i t h  freedm from Wge dead time effects .  The scale  factor  was 

also varied so ea t o  cover the max3mm energy range of ‘&e excess y-radiation. 

Beginning a few seconds d t e r  the detonation, the p r a y  intensity rose 

during about 20 seconcis t o  a peak value, then b e e n  t o  decUm. The east iwest  

passes shoved no apparent westerly drift, i n d i c a t i x  3-et w s t  of +&e de’bris 

detected traversed only a few :rapped orbi ts  and vas re lat ivel j .  undisturbed 

by upper altitude winds for at Ib$St 1-1/2 hours after etopping in the upper 

atmosphere. 

an assumed t 

Preliminary contours of the y - m i i a t i o n  aorrmlized according t o  

tiam decayw3 prepared by R. Ciaccmi and J. Carpenter of -1.2 

American Science and Engineering Prom the lower channel 02 t h e i r  p r a y  recorder 

(energy 108s above 0.45 Mev) are indicated in F i g .  1. They sugi;est an extremely 

steep gradient of debris density on the northern edge and a very dffPJse gradient 

- an the southern edge of the flight path. 

The spec t rs l  results after a background subtraction, normalized t o  100 
-1.2 seconds after the detonation by the t law a t  early tines show a markedly 
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flat encriy distribution extendm t o  12.5 &?v (see F i s .  2, 3 and 4) .  

miautes the enera spectrurc steepelm to the  diatributiar. e x p x t e d  from a 

fission spectrum at 43,000 f e e t  ( see  Fig. 2 ) .  

prays fits a 22 second md 35 second decay c o q m e n t  (see Fig. e )  rat!icr 

thgLnat -lo* decay. 

frw %he % (n,y) capture4 of the thermlized 250430 kev delayed neutrons 

emitted #.rou# Br -33r 

chains in fission products . 

dithic. 

A plot  of the excem 13-11 ;&v 

Thua it is concluded that these are U.6 14ev prays 

nuclei, result.iug from several fast decay a9 * I137 87 
3 The early Litenuity normlized according to 

, indicates a peak debris density a t  approximately 13 deaees eou+h l a t i t d e  %-l.2 

and 178 degx-ees west loagitucie. 

W.8 2Jlev neutron-capture 7-rays (see Appendix I) yield a prelizinary estimate 

of 2 x IDio fission products per square centimeter at Poidi A (see Fig. 1) 

and 45 percent of the t o t a l  debris in the southern c o n j w - t e  area cavered by t L e  

flibt, ass- one megatan of U 

west debris distribution. 

P re l imi ra ry  coiq~u'atiiatls on the  basis of *hs .e  

fission products and a syzmetrical east- 235 

8-7 To3dng into accarn t  more accurate y ie lds  of B r  

is not expected t o  chtmge W s  estimte by more than a factor  of 2. 
and 5-37 
The attenuation of prays produced by neutron capture a t  . m 5 o u s  depths is a t  

this point t h e  greater source of iaaccurecy, althuugb cubjcct t o  a more rigorous 

calculation. 

It hau been observed7p8 that a subi tan t ie l  flux of hi& e n e r a  electrons 

waa added to the earth's radiation belts by the July 9 nuclear t e s t .  

intensities of these particles have been observed t o  be trapped wit?? long life- 

tinre8 at equstorial a l t i t udes  abwe 1ooo km. Since d i r e c t  i n w t i o n  of these 

electrons by B-decay of Z i s s i o n  producks is Cie r r rost  feasible m e t h o d  of tiieir 

introdirction in to  high altitude trapped orbi ts ,  "&e spatial distrYoution 02 

the decaying fission products at early times becanes a subject of considerable 

interest. 

Hi@ 
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T5el.e 'lxu been developed, for the purpose of cmparing trapped rediaticn 

meaatireslents et differing locations, a coordinate s p t e d  uhich i x l u d e s  a 

parameter L, which is cons+&'C w i t h i n  approx-tely 1 Wrcent along a line of 

magnetic force (as mcasmed by a trapped radiat ion p a l s ) ,  and which represents 

for 8 dipole  field the distance (in units of earth radius) fYom tZie center of 

the ciipok. 

usually used t o  compute L-values a t  low altitudes. 

A multi-term harmonic expansion of the gecxwgmtic f i e l d  is 

The L-value has been celculated for a number of f i e l d  lines h i c h  reach 

an altitude of Loo km irr tire southern conjugate region of interest, wing the 

532 tern expanaionm of Jensen ani! $kit taker .  Interpobt ions ha;re been m d e  

between these field lines. Thlls, a seriea of L-vslics a'; 1oc) ic3 altitu3e 3ms 

been plotted in Fig. 1. 

According to  *e observations of Van Allen,7 an intensity peak at an 

L-value ai l.L3 was noted mer Johnstm IslP-nd within an hour and a half of &le 

detmatim. 

feu minutes after H - h w  is seen to correspond t o  an L-value of 1.10 if t h e  

The intensity peak at point A in the southern conJugate region G 

filaeian products a m  assm?ci to stop at an al<iitude of 130 km. 

assumgtion of M averas stopping altitude of 203 103, t h e  L-wluee of this 

On +he 

peak w a d  coincide w i t h  that noted by Van Allen, 

t h e  L-value q e c t e d  for the center at' '&e fission prodiict distribution.  

and would better agree w i t h  

A 

200 km stopping al t i tude  for the fission products at t h i s  longitude also agrees 

fairly w e l l  w i t h  preliminary results of radio-saunder measurenenta mde at 

shortly later t imes  from the same aircraft. At these lrttifudes en uprds 

ahift of l.00 Ian in alt i tude along the magnetic f i e l d  lines is the equivalent 

ol? a l - l /k  to 1-1/2 degree north-ward shift of each l i n e  of constant L-value. 

U s i n g  these 200 kn L-values a6 a.n ordinate, the relative debris density 



may Le pfdcted 8s e function of L (see Fig.  7). 

fairly v e u  xi”& tne a l t i t u c k  uistribution of ionized Cission pra lucts  a: t L c  

t ine of t h e k  tra?pin(J by the geomgletic Afield. To  old a source &%xtiai 

for the trapped P-rays, a tine history of the m o t i o n  of ikieoc fission proriucts 

must be assumed, since a substantial flux of electrons carU have been in jec ted  

w h l b  the debris was still “Jetting” acrms the field lines, 

noted Wn& debris deposited in the southern conjugate area becomes coqletely 

ineffective for the lnJectian of long duration trapped electroaa, since the 

f i e l d  canfigumtion in t h i s  regicu is suchm that trapped radiation nirro;rs 

several hundred kiloaeters laser  in the northern conJiwtc area. 

This  profile ehoda corresporid 

It si~auLd be 



Me expect a smll fraction of the fissian debris Eecay chain to emit 

delayed neutron groups. The two delayed neutrca groups observable after 

secona are ae f o l l w s  (Table I) ( 3 ) .  . 

P r e C W S C E  
Isotope 

Tine Constant 
(see) 

55 

22 sec 
67 Br 

5.378 

250 kev 

450 kev 

0.063 

0 *35 

x$+(n p) CUI and Nu, (n,7) with therual cross sectione 1.T6(5) arrd 0.08 hrns 

respectively. AISO u percent of *se 

isotropicalu emitted 10.8 l ev  7-ntyr (''1 merefore, a e  f lux  of 10.8 Ibv y-rays 

near the top of' the atmosphere is a fraction A035 of the  incident downward 

flux of neutrom. Since the absorption length of 10.8 Mev y-rays in a i r  is 

(n,y) captures w i l l  result in an 

(50 er/m2> snit the lPessurelPent was taken at an atmosptzeric d c p t ~  of 165 g/cm 2 

(43 ,W feet), to a fir& appraximztim both the forward C m p t c x l  scattering of 

the 7-ray~ a d  che depth dependence of' the neutran thernntlizatlon may be 

neglected. 

is 9 cm . The measured nux at TO sec is thus 3. j/,$-sec, l.0/cn2-sec of w ~ c h  

is attributable t o  the Br 

The effective area of w detector for D.8 Hev 7-ray absorption 6 
2 

component. s7 
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-3 x 1 -tk: 
i " "  II;. = (1 - R )  f E E ' 3 e  

8 - a l b & O  - 0.6'7 
-4 f = delayed aeutroa fraction = 6 x II, 

E = capture pro-bilit;). to y-enittLTg s t a t e  = 3 percent 

E t  = probability of 10.8 Mev 7/capture - 11 Fs-caat 

T= decay time - 54.5 aec 

N X = 2-1/3 mean free pths average path from neutron thernalizatlon 
[snd capture. 

.4 = - = .Os =anguhtr factor for 19.8 MeV y l s  4 R  
- 2.5 x  LO-^ e'-F/'S yfs/f ies im em2 see from the Br fraction. 

Y7 8'7 

An uppraximate i n t eg ra t ion  Over t he  iirnizs of t h e  t i m  correctw contours 

shown in Fig, 1, assuming a symetrlcel east-vcst dis t r ibu t ion ,  yields sn 

effective area of 1.3 x 10 5 2  ka for the l~axirmun debris density me&~urcd at point 

A. Aesuming a f f i c t i o n  F of 1 megaton 02 U2.J:, lac ~i3siorr i'* prodtcza from tile . 
explosion spread Over 1.3 x IO' b2, we have* a t o t a l  of 10" F fissian/cn 2 , 

-t/s' photana/cm 2 -see. or a lo.8 2W y-ray f lux of 5.6 F e 

F = 0.45 for a preliminary eotimate of tke fractim of the  debris in +,fie 

southern conjt&J%tc area. 
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C L w r  7 Tima-Normalized Enemy Spectmm at H+!N SeC 
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Figure 3 .  Normalized Spectrum at Ht85 Sec 
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Figure 4 .  Normalized Spectrum at Ht160 Sec 
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Figure 5 .  Normal ized Spectrum a t  H+410 Sec 
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Figure 6. 10-11 Mev Gamma Rays Shortly After Blast 



Figure 7. Debris Density Profile for Two Assumed Stopping Altitudes 


